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We identify a new regime of decay of the irreversible magnetization in clean Bi2Sr2CaCu2O8 crystals, at
induction values close to the “second peak field” at which the bulk critical current density steeply increases. A
time window is identified during which the decay of the induction is controlled by the slow propagation of the
phase transformation front across the sample.
The origin of the second magnetization peak
(SMP) manifest in Bi2Sr2CaCu2O8 (BSCCO)
crystals at low temperature is the object of major
controversy. Recent investigations of the role of
weak disorder have confirmed its close relation-
ship with the first order phase transition (FOT)
observed at higher temperatures. This has lead
to a generic phase diagram of vortex matter [1–
4], in which the SMP is thought to correspond to
a phase transition from an ordered Bragg-glass
at low vortex density (low fields) to a disordered
vortex solid (glass) at high fields. One of the key
experiments in favor of a phase transition at the
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Figure 1. Hysteretic loops of the local induction
gradient ∂B/∂x vs. B, recorded at 15.9 K, for
various times after field application.
SMP was local magnetization, measured by the
Hall-array technique [2]. Such measurements
show a sharp increase of the induction gradient
∂B/∂x at a well-defined value of the induction
Bsp, corresponding to the value at which the tran-
sition takes place. Here, we show from time re-
solved measurements of the induction that there
exists a time regime during which the slow mo-
tion of the phase transformation front determines
the global magnetic relaxation.
The lightly oxygen overdoped BSCCO crys-
tal used in this study, cut from a larger crystal,
was checked for its uniformity by magneto-optical
imaging of the flux penetration. Local induction
profiles were measured on the crystal surface us-
ing a 2D electron gas Hall–probe array, composed
of 11 sensors of area 10 × 10 µm2, and spaced
by 10 µm. Increasing (decreasing) branches of
hysteretic “local magnetization” loops at various
waiting times were obtained by swiftly ramping
the applied field Ha up (down) to its target value
from a starting point lower (higher) by several
times the full penetration field, after which the
magnetic relaxation was recorded during 350 s.
On the experimental time scale (t > 5 s), the
SMP at T>∼25 K is marked by the emergence
of Bean-like induction profiles from dome-shaped
profiles related to screening by the surface barrier
currents. Only at temperatures below 20 K can
one observe the SMP as a crossover from one bulk
pinning regime to another. Fig. 1 shows loops of
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Figure 2. Decay of the magnetic induction on the
surface of the BSCCO sample at T = 15.9 K and
Ha = 100 Oe, after field-cooling in 3 kOe followed
by the fast decrease of the applied field.
∂B/∂x vs. the local induction B at various times
after the end of the field ramp, for T = 15.9
K. The characteristic jump of ∂B/∂x at Bsp ap-
pears only at long times; at short times, i.e. at
higher screening current, the inverse situation oc-
curs and ∂B/∂x is higher for B < Bsp.
Long time relaxations at various applied fields
Ha were recorded by cooling the sample down
from T > 30 K in a field exceeding Ha by 3 kOe.
After reaching thermal stability at 15.9 K, the
field was rapidly decreased to Ha and the decay
of the magnetic induction profiles was recorded
during 4000 s (Fig. 2). From the spatially re-
solved magnetic relaxation, the electric field is
obtained by summing the numerically calculated
time derivatives ∂B/∂t for five sensors, from the
center of the crystal outwards. Assuming that
∂B/∂x is proportional to the local current den-
sity j, and that the electric field arises as a re-
sult of thermally activated vortex creep Ref. [5], a
plot of U ∝ kT ln(E/B/j) against ∂B/∂x repre-
sents the variation of the flux creep energy barrier
with current density (Fig. 3). When Ha > Bsp,
(Ha ≥ 500Oe), smooth, power like variations
U ∝ j−0.38 are obtained. A completely new be-
havior is observed when Ha < Bsp: then, the
divergence of U(j) stops at a given time, after
which an extended plateau in the U(j) curve ap-
pears. The correlation of the U(j)–curves with
the decaying flux profiles shows that the begin-
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Figure 3. Flux creep activation barrier vs. cur-
rent variations U(j) in the BSCCO crystal at 15.9
K, for various applied fields.
ning of the plateau at high j corresponds to the
first appearance of the low–field ordered vortex
phase (identifiable in Fig. 2 by the smaller gra-
dient ∂B/∂x) in the crystal. The end of the
plateau at long t or small j occurs when there
is no region of high–field phase (corresponding to
the region of higher ∂B/∂x) left in the sample.
Only then does a new power-law–like divergence
of U ∼ j−0.08, representative of the activation
barriers in the low–field phase, start. In the in-
termediate time interval, the relaxation process is
determined by the slow motion of phase transfor-
mation front across the sample.
Concluding, the low–field and high–field vortex
phases are characterized by very different U(j)–
(or I(V )–) relations. The SMP occurs as a result
of the jump from one I(V )–curve to another. In
the regime of phase coexistence at B ∼ Bsp, the
electrodynamics of the sample is determined by
the motion of the phase transformation front.
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